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k : Bolttzmann constant, 1.38 10-23 J/K  

T : absolute temperature in K 

q : electric charge of a proton, 1.602 10-19 C  

 
Biopotentials are electrical potentials that appear with the 
currents that occur with the flow of ions inside a biological 
structure. The flow occurs with the activation of the 
excitable cells in nerve, muscle and  seceration gland. 
These excitable cells can generate and propagate action 
potentials when they are excited with electrical stimulation 
of the membrane, chemical effects that change permeability 
of Na, heat effects or mechanical effects. The potential 
inside the cell is more negative at rest. However, when the 
cell is excited, Na permeability of the membrane increases 
quickly for a short period of time. The negative polarity 
disappear for a while. The potential inside the cell becomes 
even positive. This is called depolarization.  Return of the 
cell to its stable state is called repolarization. Graph of an 
action potential is shown in Figure-1.  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
      
               Figure 1:Action potential[4] 
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Table 1. Biopotentials/Physiological signals [2]    
 

 
                                   

 
 
Biopotential signals are generated in human body as the 
organs do their routine tasks. Recording and analyzing 
these signals help us obtain clues about health and 
performance of the organs. Biological signals which are 
generated with the operation of the some of the organs are 
listed on Table 1.[ 2 ] 
 
2. Technical  Features 
 
  Block diagram of the experiment set developed is shown 
in Figure 2. The set has been designed to record and 
display ECG signals as well as EMG signals taken by 
needle or surface electrodes. 
     
The input circuits are protected against the high voltage 
that may be generated by a defibrilator. The protection 
circuits contain 80V neon lamps as well as diodes 
connected in series with opposite polarity. These diodes 
limit the input voltage around the supply voltage. The input 
signals are high pass filtered with a –40 dB passive filter to 
eliminate the components with frequencies higher than the 
maximum frequency component in the input signals. To 
protect patient bodies  from a current  through their body,  
a buffer block is used. The buffer block has an impedance 
around 1012 Ω  which is much higher than the impedances 
of the electrodes. 1 % tolerance type resistors are used in 
differential amplifiers  so that potential differences caused 
by differences in resistance values are not generated.  
 
EMG signals, on the other hand,  contain relatively higher 
frequency components. To composed affect of lekage 
capacitances of the electrodes while EMG singals recorded, 
negative input capacitance amplifiers are used.[3] 
 
ECG channel signals are applied to a Wilson resistor bridge 
circuit, from which EKG derivations can be chosen. 
Analog multiplexer enables the user to choose one of the 
12 ECG derivations or EMG. 
 
Four 4-to-1 analog multiplexers (ADG 509F) are used to 
realize this multiplexing. The logic circuit that  enables  the  
 
 
 
 

 
 
user to choose the signal has been designed and realized 
separately. 
 
To amplify the differential signals selectively and eliminate 
the common input signals, Burr Brown-INA 111 
instrumentation amplifier is used. This amplifier has an 
input impedance about 1012 Ω  and a CMRR of (minumum) 
106 dB. Its gain is controlled by adjusting value of only 
one resistor. The gain is adjusted automatically in the set 
with the selection of ECG and EMG signal.  
 
Right leg drive circuit is used to decrease the common 
mode signal by applying the same signal as a negative 
feedback to the input.  It also limits the leakage currents 
since the leakage voltages will be subject to a high 
impedance. [3] 
 
PS2501-1 opto-isolator circuit provides 5000Vrms 
isolation between patient circiuts and the display circuits. 
 
Three filters have been realized in the set. The first one is 
the ECG filter and it  is a 3rd order Butterworth  type 
passband filter. It passes the frequencies between 0.05 Hz 
and 150 Hz. The second one is EMG filter. This filter is a 
second order Butterworth type 20-500Hz passband filter. 
The third filter is a Notch filter. It eliminates noise in the 
line frequencies, which is one of the most important 
problems in medical devices.  
 
The output amplifier amplifies the filtered signals to the 
level of display devices. The 8255 interface which enables 
the user to see the output signals on a PC monitor .  
 
3. Educational Features 
 
To learn by doing  is an important part of training. The aim 
in designing the set is to have an experiment set for a 
biomedical instrumentation laboratory with which students 
can learn by doing. The outputs of all blocks in the set have 
external connections, which can be used for  experimental 
purposes. 
 
 
 
 

Biopotential/Physiological signal Mesuarement Range Frequence Range ( Hz ) 
          Electrocardiography ( ECG) 0.5-4 mV 0,01-250 

    Electroencephalograpgy ( EEG) 5-300 µV dc-150 
          Electrogastrography ( EGG) 10-1000 µV dc-1 
          Electromyography ( EMG) 0.1-5 mV dc-10K 
          Electronerography ( ENG) 10 µV-3mV dc-10K 
          Elektro-oculography ( EOG) 50-3500 µV dc-50 
          Elektroretinography ( ERG) 0-900 µV dc-50 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Block diagra
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Figure 3. The picture of instrumentation set  realized[4] 
 
 

 
 
 
Figure 4.  ECG signal outputs of the instrumentation set[4] 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure-5: The EMG signals which show muscular activities  
and are recorded from the output of the instrumentation set 
[4] 
 
 

REFERENCES 
 
[1] Aston R., Principles of Biomedical Instrumentation and 
Measurement, Merrill Publishing Company, Ohio, 1990 
[2] Küçükdeveci, F., Biyomedikal Cihazlara Giriş, Baskent 
Üniversitesi Biyomedikal Cihaz Teknolojisi Meslek 
Yüksekokulu, Ankara,1993  
[3] Yazgan, E., Korürek M., Tıp Elektroniği, ITU Elektrik-
Elektronik Fakültesi Ofset Baskı Atelyesi,İstanbul, 1996 
[4] Yıldız, M., Ms Thesis, Gazi Üniversitesi, Teknik 
Eğitim Fakültesi, Ankara,2000 
 
 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


